An equation that accurately estimates the glomerular filtration rate (GFR) in the Japanese population has been proposed; however, the prognostic significance of estimated GFR (eGFR) defined according to this equation has not been reported. In addition, the prognostic significance of eGFR during long-term follow-up after complete coronary revascularization remains unclear. We assessed the prognostic significance of eGFR values, estimated by the new Japanese equation, in a cohort of patients following complete coronary revascularization. We studied consecutive patients with complete revascularization from 1984 to 1992. Patients on dialysis were excluded. A novel Japanese equation was used to estimate the GFR: eGFR¼ 194Â(serum creatinine) À1.094 Â(age) À0.287 (Â0.739 if female). Multivariate Cox proportional hazards regression analyses were performed to determine all-cause and cardiac mortality. We analyzed data of 1809 patients, of whom 571 (31.6%) had an eGFR of X90 ml min À1 per 1.73 m 2 , 917 (50.7%) had an eGFR of 60-89 ml min À1 per 1.73 m 2 , 298 (16.5%) had an eGFR of 30-59 ml min À1 per 1.73 m 2 and 23 (1.3%) had an eGFR of o30 ml min À1 per 1.73 m 2 . During follow-up (11.4 ± 2.9 years), there were 397 (22.0%) all-cause and 123 (6.8%) cardiac deaths overall. Patients with an eGFR of 30-59 ml min À1 per 1.73 m 2 , and o30 ml min À1 per 1.73 m 2 revealed significantly greater risk of all-cause mortality than those with eGFR of X90 ml min À1 per 1.73 m 2 (hazard ratio (HR) 1.91, Po0.001, HR 3.35, Po0.001, respectively). Furthermore, incidence of cardiac death was higher in patients with an eGFR of 30-59 ml min À1 per 1.73 m 2 than those with an eGFR of X90 ml min À1 per 1.73 m 2 (HR 2.89, Po0.001). GFR as estimated using the new Japanese equation had a prognostic significance among patients with complete coronary revascularization.
INTRODUCTION
Individuals with end-stage renal disease, such as those on dialysis, have a significantly high risk for cardiovascular mortality and morbidity. 1 Patients with a less-severe impairment of kidney function and who are not on dialysis also carry increased cardiovascular risk when compared with those who have preserved kidney function, 2, 3 suggesting that such mild-to-moderate impairments of kidney function have an impact on cardiovascular mortality and morbidity. Therefore, attention has been focused on identifying a less-severe cutoff value for a simple index that accurately reflects the overall kidney function. In this regard, chronic kidney disease has been defined as a glomerular filtration rate (GFR) o60 ml min À1 per 1.73 m 2 or the presence of kidney damage, regardless of the cause, for a period of X3 months. 4 GFR can be estimated from four variables: age, gender, ethnicity (Black or Caucasian) and serum creatinine (sCr) levels. Commonly, the simplified Modification of Diet in Renal Disease (MDRD) study equation (MDRD equation) is used to estimate the GFR. [4] [5] [6] However, this equation is less accurate for Asians and has a greater bias for estimated GFR (eGFR) values o60 ml min À1 per 1.73 m 2 . 7, 8 Accordingly, a modified MDRD equation has been proposed for the Chinese and Japanese populations using a separate correlation coefficient. [7] [8] [9] More recently, a novel equation has been reported, one that may more accurately estimate GFR in Japanese populations than the previous modified MDRD equation. 10 It has been reported that eGFR values are associated with an increased morbidity and mortality; however, these previous studies were mainly performed on Western populations using the MDRD equation. Therefore, it remains unclear whether GFR estimated by a specific equation for Asians has prognostic significance. Furthermore, the association between GFR estimated by the new Japanese equation and long-term prognosis has not yet been reported.
In addition, the prognostic significance of eGFR values has been studied in several subgroups such as patients with coronary artery disease (CAD), including patients who underwent percutaneous coronary intervention (PCI), [11] [12] [13] [14] coronary artery bypass grafting (CABG) [15] [16] [17] or survivors of myocardial infarction. 18 However, the relationship between eGFR values and the long-term prognosis following complete coronary revascularization has not been established. The aim of this study was to assess the relationship between eGFR by the new Japanese equation, as well as the long-term prognosis in a cohort of patients with CAD following complete revascularization.
METHODS Subjects
Data from consecutive patients who had undergone coronary revascularization, including PCI and CABG, at Juntendo University Hospital (Tokyo, Japan) between January 1984 and December 1992 were analyzed. Patients were enrolled who had achieved complete revascularization, that is, patients in which no un-bypassed major vessels had a stenosis X50%. 19, 20 Patients with an untreated neoplasm at baseline and those with associated complex cardiac procedures, such as valve replacement or aneurysm repair at the time of surgical revascularization, as well as non-Japanese patients, were excluded. Patients on dialysis were also excluded to identify the mortality risk associated with eGFR, independent of dialysis. This study was approved by the institute's internal review board, and was performed according to the principles expressed in the Declaration of Helsinki and the ethics policy of the institute.
Data collection
Demographic data, including age and gender, as well as body mass index, coronary risk factors, medication use, revascularization procedure-related factors and comorbidities, were collected using our institutional database.
Equations for eGFR
eGFR was obtained by using the following specific equation for Japanese: GFR¼194Â(sCr) À1.094 Â(age À0.287 (Â0.739 if female). 10 In this study, patients were stratified as follows: eGFR X90 ml min À1 per 1.73 m 2 ; eGFR¼60-89 ml min À1 per 1.73 m 2 ; eGFR¼30-59 ml min À1 per 1.73 m 2 ; eGFR o30 ml min À1 per 1.73 m 2 . 21 
Definitions of other covariates
Hypertension was defined as a systolic blood pressure X140 mmHg, a diastolic blood pressure X90 mm Hg, or treatment with antihypertensive medications. Diabetes mellitus (DM) was defined as a fasting plasma glucose level X126 mg per 100 ml or treatment with oral hypoglycemic drugs or insulin injections. A current smoker was defined as one who smoked at the time of complete revascularization or who had quit smoking within 1 year before complete revascularization. Patients with isolated PCI were those in whom complete revascularization was achieved by PCI without the need for any bypass grafting.
Outcomes
The follow-up period ended on 30 September 2000. Survival data were collected by serial contact with the patients or their families, and assessed Prognostic significance of estimated GFR T Kasai et al from the medical records of patients who had died and those who continued to be followed up at our hospital. Information about the circumstances and date of death was obtained from the families of patients who died at home, and details of the events or the cause of death was supplied by other hospitals or clinics where the patients had been admitted. The mortality data were categorized according to the causes of death, such as death from all-causes or cardiac deaths using the International Classification of Diseases, Ninth Revision, codes 410-414, 785.51 and 798.
Statistical analysis
Continuous variables are expressed as means ± standard deviation, and they were compared using one-way analysis of variance with Dunnett's test. Categorical data are tabulated as frequencies and ratios, and were compared using w 2 -test. Survival was analyzed using the Kaplan-Meier estimate with the log-rank test. The hazard ratio (HR) was calculated using the Cox proportional hazards model. The assumption of proportional hazards was assessed using a logminus-log survival graph. Univariable analysis was based on the proportional hazard model to determine the association between prognosis and the following variables between the groups: age, gender, body mass index, current smoker, hypertension, DM, total and HDL cholesterol, triglyceride, hemoglobin, atrial fibrillation, previous myocardial infarction, previous stroke, left ventricular ejection fraction, number of diseased vessels, presence or absence of a left main trunk lesion, presence or absence of an arterial bypass graft to the left anterior descending artery, whether complete revascularization was achieved by isolated PCI, and stratified eGFR values. Variables regarded as significant (Pp0.10) were included in the multivariate analysis. The tests of trends in the HR by the eGFR values were conducted by assigning an ordinal value to each stage in separate models. All multivariable analyses verified the interactions between each variable.
A P-value of o0.05 was considered statistically significant, unless indicated otherwise. All data were analyzed using SPSS version 11.0 for Windows (SPSS Inc., Chicago, IL, USA).
RESULTS
Overall, the data from 1809 eligible patients who underwent complete coronary revascularization during the study period were assessed. Baseline and clinical event data were fully documented during the follow-up period (mean follow-up, 11.4±2.9 years). All patients underwent PCI with simple balloon angioplasty; no patients received stent implantation, as stents were not available at the time when complete revascularization was achieved. All CABG procedures were performed using a conventional cardiopulmonary bypass; arterial grafts were used in 51.1% of cases. None of the patients who underwent complete revascularization during the study period had type-1 DM. During the follow-up period, 397 patients (22.0%) died from any cause and 123 patients (6.8%) died from cardiac causes. Out of 1890 patients, 571 (31.6%) patients had eGFR of X90 ml min À1 per 1.73 m 2 , 917 (50.7%) patients had eGFR of 60-89 ml min À1 per 1.73 m 2 , 298 (16.5%) had eGFR of 30-59 ml min À1 per 1.73 m 2 , 23 (1.3%) patients had eGFR of o30 ml min À1 per 1.73 m 2 . Mean eGFR values in each group were 119.6±36.9, 75.8±8.2, 52.1±6.8, and 22.2±9.6, respectively. Baseline characteristics of these patients are summarized in Table 1 . Patients with a lower eGFR were more likely to be older and male. They also have greater triglyceride level, greater number of diseased vessels and more frequently have atrial fibrillation. As compared with patients with eGFR of X90 ml min À1 per 1.73 m 2 , patients with eGFR of o30 ml min À1 per 1.73 m 2 frequently revealed DM, anemia, impaired left ventricular ejection fraction, history of stroke and greater incidence of angiotensin-converting enzyme inhibitor use.
The cumulative survival curves of patients stratified by eGFR values are shown in Figure 1 . Patients with a lower eGFR values had lower survival from both all-cause and cardiac-related mortality. Univariable Cox proportional hazard analysis revealed that, as compared with patients with eGFR of X90 ml min À1 per 1.73 m 2 , the other three groups of patients had significantly greater risk of all-cause and cardiac mortality ( Table 2 ). The other variables that were associated with allcause mortality according to the univariable analyses were: age (HR 1.07, 95% confidence interval (95% CI) 1.06-1.08, Po0. Patients with eGFR of X90 ml min À1 per 1.73 m 2 revealed a non-significant tendency toward greater cumulative survival than those with eGFR of 60-89 ml min À1 per 1.73 m 2 (log-rank test, P¼0.052). They also revealed significantly greater cumulative survival than those with eGFR of 30-59 ml min À1 per 1.73 m (log-rank test, Po0.001), and o30 ml min À1 per 1.73 m 2 (log-rank test, P¼0.001). The results of multivariable analyses for all-cause and cardiac mortality are also summarized in Table 2 . Patients with eGFR of 30-59 ml min À1 per 1.73 m 2 and o30 ml min À1 per 1.73 m 2 had significantly greater risk for all-cause mortality, and patients with eGFR of 30-59 ml min À1 per 1.73 m 2 had significantly greater risk for cardiac mortality as compared with those with eGFR of X90 ml min À1 per 1.73 m 2 . Patients with eGFR of o30 ml min À1 per 1.73 m 2 revealed a non-significant tendency toward greater risk of cardiac mortality than those with eGFR of X90 ml min À1 per 1.73 m 2 . Among each stratified eGFR values group, as the eGFR values decreased HR increased in a significant dose-dependent manner for all-cause and cardiac mortality. The HRs of other variables in the multivariable analyses for all cause and cardiac death are shown in Table 3 .
We also conducted a sub-group analysis separate from the age, gender, and the presence of hypertension and DM for all cause and cardiac death. As a result, patients with eGFR of o60 ml min À1 per 1.73 m 2 showed significantly greater all-cause and cardiac mortality risk than those with eGFR of X90 ml min À1 per 1.73 m 2 in all subgroups (Table 4) .
DISCUSSION
This study identifies novel findings that provide insights into the relationship between eGFR and cardiovascular diseases. First, we found that when we used new Japanese equation, eGFR values were associated with an increased long-term mortality risk. Second, we also found that there was a strong association between eGFR values and increased long-term mortality in patients with CAD who had achieved complete revascularization. Finally, patients with eGFR of o60 ml min À1 per 1.73 m 2 had significantly greater risk of all-cause and cardiac mortality than those with eGFR of X90 ml min À1 per 1.73 m 2 regardless of age, gender or hypertensive or diabetic status. Therefore, our findings suggest that baseline GFR values estimated by the new Japanese equation at the time of revascularization were predictive of the long-term all-cause and cardiac mortality among Japanese patients with CAD. In addition, our findings also suggest that eGFR values have a prognostic significance in patients with complete revascularization.
A number of studies have reported the prognostic significance of eGFR in patients with CAD; [11] [12] [13] [14] [15] [16] [17] [18] however, the majority of these studies were in Western countries and GFR was estimated by the MDRD equation or by creatinine clearance. Reports from Asian countries are very limited, possibly because of the lack of an accurate equation for eGFR in Asian populations. To the best of our knowledge, For all cause death, multivariable analysis included age, DM, total cholesterol, hemoglobin, atrial fibrillation, previous MI, previous stroke, number of diseased vessels, presence or absence of an LMT lesion, presence or absence of an arterial bypass graft to the LAD, LVEF, whether complete revascularization was achieved using isolated PCI, and stratified eGFR as independent variables. In multivariable analysis for cardiac death, age, DM, triglycerides, hemoglobin, atrial fibrillation, previous myocardial infarction, previous stroke, number of diseased vessels, presence or absence of an LMT lesion, left ventricular ejection fraction, and whether complete revascularization was achieved using isolated PCI, stratified eGFR were included as independent variables. Table 3 Other independent variables in the multivariable analysis there are no studies in which the prognostic significance of eGFR generated by the new Japanese equation has been evaluated. Previous studies have found the MDRD equation to overestimate GFR in a Japanese chronic kidney disease population as compared with GFR measured by using inulin clearance. 9,10 Therefore, a modified MDRD equation for the Japanese population using a separate correlation coefficient has been proposed in a previous study. 9 However, in that study, blood samples for sCr were assayed in multiple laboratories and during different periods. Furthermore, data from subjects with GFR 490 ml min À1 per 1.73 m 2 were not included in that study. In contrast, this new Japanese equation was derived from a study that used centralized blood assays and enrolled a larger population that included subjects with GFR 490 ml min À1 per 1.73 m 2 (Matsuo et al. 10 ) than the study using the MDRD equation with the Japanese coefficient. 9 Indeed, the accuracy of the GFR estimation was further improved if the new Japanese equation was used rather than the modified MDRD equation with the Japanese coefficient. 10 In these aspects, this study, which clearly showed the prognostic significance of eGFR using an accurate Japanese specific equation, has an important value. Previous studies in which the prevalence of patients with eGFR o60 ml min À1 per 1.73 m 2 (that is, chronic kidney disease stage X3, according to the clinical guideline 21 ) was investigated in patients with CAD, showed that the prevalence of patients with eGFR o60 ml min À1 per 1.73 m 2 was 16-46% in Western countries. 11, 12, [15] [16] [17] [18] The MDRD equation or creatinine clearance was used in the majority of these studies. On the other hand, the prevalence of patients with eGFR o60 ml min À1 per 1.73 m 2 in Japanese patients with CAD was reported as 35 and 39% (Inaguma et al. 13 and Furukawa et al. 14 ) using MDRD equation with Japanese coefficient or creatinine clearance. In this study, the prevalence of patients with eGFR o60 ml min À1 per 1.73 m 2 was B18% using new Japanese equation for eGFR. Considering that patients on dialysis were excluded in this study, a relatively low prevalence of patients with eGFR o60 ml min À1 per 1.73 m 2 may be expected in our patient population. This study is the first report describing the long-term (410 years) prognostic significance of eGFR values in patients who underwent complete coronary revascularization. There are several reports in which patients with revascularization (PCI or CABG) were assessed; [11] [12] [13] [14] [15] [16] [17] however, the follow-up periods in the majority of these studies were p5 years and none of them described whether complete revascularization was achieved. It is important to emphasize the benefit of assessing data only in patients who had achieved complete revascularization, because the importance of completeness of revascularization during long-term follow-up period has been reported. 19, 20 In addition, the initial CAD events may be prevented or delayed by complete coronary revascularization, even in patients with severe coronary atherosclerosis. These may minimize the bias of the treatment procedure for the initial CAD events. Therefore, the risk of eGFR for cardiovascular morbidity and mortality among a secondary prevention cohort of patients with CAD could be assessed in this study. Conversely, assessing data only in patients who achieved complete revascularization also introduced potential selection bias in terms of overall mortality rate and prevalence of patients with eGFR{60 ml min À1 per 1.73 m 2 , which should be taken into account.
To assess the possible interactions between traditional cardiovascular risk predictors such as age, gender, presence or absence of DM or hypertension, subgroup analyses were also carried out. As shown in Table 4 , there were no significant interactions in all subgroups and patients with eGFR o60 ml min À1 per 1.73 m 2 had a significant greater risk of both all cause and cardiac mortality than those with eGFR of X90 ml min À1 per 1.73 m 2 in each subgroup. These results are consistent with previous studies, investigating the risk of GFR values estimated by the MDRD equation or by creatinine clearance among patients with cardiovascular disease. 14, 15, 22 This study has several limitations. First, balloon angioplasty was the sole PCI used in all patients and 51.1% of the CABG procedures involved an arterial graft. It is difficult to determine whether the use of stents and arterial grafts could have improved the results in the recent era of revascularization. It is also difficult to determine the relative importance of improvements in both operator skills and in adjunctive drug therapy. Therefore, further investigation is needed to clarify whether estimating GFR by the new Japanese equation would affect the long-term mortality in the stent and arterial bypass era. Furthermore, the use of some medications, such as angiotensin-converting enzyme inhibitors and statins, which may affect the functional status of the kidney, were different from those in the most recent period. Therefore, the data for the prevalence of patients with eGFR o60 ml min À1 per 1.73 m 2 in this study should be interpreted with caution. Finally, eGFR by the new Japanese equation used in this study was not compared with a nuclear renogram, the gold standard for GFR evaluation. As such, the issue is not whether the new Japanese equation is an accurate reflection of GFR but whether it offers prognostic significance.
In conclusion, the eGFR values estimated by the new Japanese equation were associated with an increase in all-cause and cardiac mortality over a 10-year period after the achievement of complete coronary revascularization. This study verifies the prognostic significance of the eGFR by the new Japanese equation among a CAD secondary prevention cohort.
